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A “Loudspeaker” Clutch 


eae? on the same moving-coil principle as the 
electrodynamic loudspeaker of an ordinary radio 
receiver, a fast-acting clutch has been developed by the 
National Bureau of Standards. The new clutch is acti- 
vated by application of direct current to a coil located 
in a constant magnetic field. The force resulting from 
the interaction of the coil current and the magnetic 
field moves the coil and causes the clutch output disk 
to be pressed against the rotating input members. In 
an experimental model constructed at NBS, full out- 
put-shaft torque—10 ounce-inches maximum—was at- 
tained in less than a third of a millisecond after appli- 
cation of the actuating voltage. Developed by Jacob 
Rabinow, head of the NBS Electromechanical Ordnance 
Division, the NBS “loudspeaker” clutch offers ad- 
vantages for certain instrumentation and computer 
applications calling for fast response. Possible uses 
include rapid starting and stopping of magnetic wire 
or tape-recording media in high-speed electronic com- 
puters, like the Bureau’s SEAC, and high-speed switch- 
ing in telephone dial systems. 

The loudspeaker clutch is inherently capable of 
faster response than electrical or magnetic friction 
clutches of conventional design. This is because such 
Be on clutches require time as well as energy to 

uild up a field after the actuating voltage is applied. 
In the loudspeaker clutch, on the other hand, the neces- 
sary magnetic field already exists before the clutch is 
actuated. The inductance of the moving coil in the 
loudspeaker clutch is normally small and, by means 
of “bucking” or compensating coils, can be made negli- 
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gible; this means that the time required for the coil 
current to build up so as to press the clutching surfaces 
together can also be made negligible. 

In the NBS experimental model, the magnets and 
coils rotate with the clutch input shaft. Although a 
permanent magnet could be used, an electromagnet was 
chosen; this allows the clutch to be easily cleaned of 
any accumulated magnetic particles by the shutting off 
of the magnetizing current. Two pairs of slip rings 
transmit the magnetizing and actuating currents to the 
rotating assembly. A thin flexible diaphragm is fas- 
tened to the actuating coil. When voltage is applied, 
the coil jumps forward and presses the clutch output 
disk between the rotating diaphragm and a backing 
disk which is also rotating. Vent holes in the output 
disk, diaphragm, and case assist cooling and avoid 
compression or rarefaction of air by the diaphragm. 

Compensating coils are attached to the pole faces of 
the electromagnet, close to the actuating coils. All the 
coils are connected in series so that the current is the 
same in all windings, but the direction of current flow 
in the compensating coils is opposite to that in the actu- 
ating coils. This arrangement cancels out the induc- 
tance of the actuating coil to the extent that the cou- 
pling between the coils approaches unity; and thus the 
arrangement minimizes the time required for current 
to rise in the coil after the actuating voltage is applied. 
In the model tested at NBS, the compensating coils 
reduced the 1-kilocycle inductance of the actuating 
coils to 0.15 millihenry from an uncompensated value 
of 2.4 millihenries. 
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Experimental model (partially disassembled) of the 
“loudspeaker”’-type clutch recently developed at NBS. 
The new clutch is actuated by application of voltage to 
a ‘‘yoice’’ coil mounted in a magnetic field; the coil 
moves the beryllium copper diaphragm forward and 
presses it against the slotted beryllium copper disk fas- 
tened to the output shaft. The entire clutch assembly 
rotates, and slip rings carry current to the coils. Because 
of its fast response time—about 0.3 millisecond—this 
type of clutch offers advantages for certain instrumenta- 
tion applications. 


Tests were made to determine clutch response speed 
and maximum torque, as well as the effectiveness of 
the compensating coils. For the response-time tests, an 
ordinary crystal phonograph pickup served as the sens- 
ing element, its needle resting in a small depression in 
the clutch output shaft. An oscilloscope connected to 
the actuating switch and to the crystal pickup per- 
mitted observation of the lapse of time from the closing 
of the switch to the beginning of output-shaft motion. 
With 300 volts applied both to the electromagnet field 
coil and to the actuating coil, the output shaft began 
to move in 200 microseconds and reached full speed in 
300 microseconds. With 100 volts on the field and 215 
volts on the actuating coil, the corresponding delays 
were 900 and 625 microseconds. 


TECHNICAL 
NEWS 
BULLETIN 


U. S. DEPARTMENT OF COMMERCE 
CHARLES SAWYER, Secretary 


NATIONAL BUREAU OF STANDARDS 
A. V. Astin, Director 


j\ 
Issued Monthly Vol. 36, No. (ib 


For sale by the Superintendent of Documents, U. S. Government Printing Office, i 


November 1952 


Washington 25, D. C. Subscription price, domestic, $1.00 a year; foreign, $1.35; 
single copy, 10 cents. The printing of this publication has been approved by 
the Director of the Bureau of the Budget, February 3, 1950. 


Contents 

Page 
A “loudspeaker” clutch. ........ 0. . )20 eee 161 
New study of crucible graphite... . 7. 7.327 ueeeenee 163 
Polymerization promoters for AN-—5 casting resin........ 164 
Mechanical packing of dental amalgam............... 165 
Focusing of naval aircraft searchlights................ 166 
Acidity and basicity in organic solvents. .............. 168 
Solubility of carbon in austenitic stainless steel. ....... a: 
Constant-amplitude oscillator. ...........259 = eee 172 
Properties of electrodeposited nickel. ................. 174. 
NBS publications. . . s.s...4a% 0+. 7-1 176 


The actuating voltages required for fastest response 
are needed only momentarily; to avoid overheating 
and burnout they must be reduced promptly after the 
clutch is up to speed. Maximum safe values of current 
for continuous operation were determined to be 0.2 
ampere for the electromagnet field coil and 0.5 ampere 
for the actuating coil. At these currents, the maximum 
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Schematic diagrams showing (left) basic features of the “‘loudspeaker”’ clutch and (right) details of arrangement 
of compensating coils and actuating coils. When current is applied to the actuating coil, which is located in a 
magnetic field, the coil moves forward and presses a flexible diaphragm against a disk attached to the output shaft. 
The compensating coils provide an external magnetic field that opposes and nearly cancels that of the actuating 
coil; this arrangement reduces the effective inductance of the actuating coil and increases the speed of response. 
1, actuating coil; 2, magnetic poles; 3, output shaft; 4, output disk; 5, flexible diaphragm; 6, backing disk; 7, slip 
rings for actuating current; 8, input shaft; 9, magnetic structure; 10, compensating coils. 
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output torque—the torque at which slippage occurs— 
was 10 ounce-inches. 

Effectiveness of the compensating coils was tested by 
measurement of response times with coil connections 
reversed so that the compensating coils aided the actu- 
ating coils instead of bucking them. Under the condi- 
tions of the test, this increased the delay time from 600 
microseconds to 900 microseconds. Indications are 
that with the regular connection—coils buckine—clutch 
response time is limited by mechanical rather than 
electrical factors. 


The principle of the NBS loudspeaker clutch may 
find application in specialized equipment where light 
loads must be accelerated at an extremely rapid rate. 
A similar principle has already been used at the Bureau 
to advance rapidly frames of photographic film at ran- 
dom intervals of time. Although the actuating mech- 
anism rotates in the experimental clutch model de- 
scribed, an alternative design has stationary actuating 
means which operate the clutching means through 
thrust bearings. 


dD New Study of Crucible Graphite 


A RECENT investigation by NBS indicates that, for 
making the crucibles used in nonferrous found- 
ries, domestic graphites from Alabama and Pennsy]- 
vania are fully as good as the traditional imported 
Madagascar graphite. Furthermore, it appears from 
the NBS study that small-flake graphite can be used 
instead of the generally preferred large-flake graphite 
without impairing the service life of “carbon-bonded” 
graphite crucibles. The NBS work also indicates that 
the carbon-bonded type of crucible has about twice 
the average service life of the “clay-bonded” type. 
R. A. Heindl of the NBS refractories laboratory con- 
ducted the study in cooperation with certain crucible 
manufacturers and nonferrous foundries. 

Graphite crucibles are used by several hundred non- 
ferrous metal foundries throughout the United States 
to melt metal for casting parts indispensable for both 
civilian and military purposes. These crucibles are 
made from graphite flakes, bonded either with clay or 
with organic binders such as tar or pitch; the latter 


type is known as carbon-bonded. Graphite is simi- 
larly used in the manufacture of ladle stopper heads 
required by the steel industry. Until now, large-flake 
graphite imported from Madagascar has been used for 
these purposes almost to the exclusion of other 
graphites. Because of the strategic importance of 
crucible graphite, now being stockpiled, the Army- 
Navy Munitions Board suggested that NBS carry out 
the present study. As a result of the NBS findings, a 
Pennsylvania graphite mine is being reactivated to in- 
sure the availability of domestic graphite if the supply 
of lower-cost Madagascar graphite should be cut off. 
The American Crucible Company and the Nationa) 
Crucible Company cooperated with NBS in manu- 
facturing the crucibles used for the study. Graphites 
from the three sources—Madagascar, Alabama, and 
Pennsylvania—were furnished by NBS to the manu- 
facturers in various combinations of flake sizes. To 
prevent identification of its source by anyone other 
than the NBS investigators, each batch of graphite was 


A study by NBS shows that domestic 
graphites are as good as the tradi- 
tional Madagascar graphite for mak- 
ing the crucibles used in nonferrous 
foundries. Experimental crucibles 
were put into regular service for 
melting brass, then cut in half and 
inspected at the end of their useful 
life. 
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Above: Cross-section of a graphite crucible that has 
reached the point of failure. Where furnace flame 
struck (left), the wall has spalled and is now only a small 
fraction of its original thickness. Below: Though most 
of the crucibles failed because the walls had corroded 
away, some failed because of leaks in the bottom. The 
crucibles apparently adhered to the bottom of the block 
on which they rested in the furnace, and removal of the 
crucibles resulted in slight layer-like separations which 
permitted leakage of metal (white lines). 
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designated only by a key letter. Except for using 
NBS-supplied graphite, the manufacturers followed 
their regular production procedure in manufacturing 
the test crucibles. A number and also a secret mark 
permanently identified each crucible. After inspec- 
tion for defects, one finished crucible of each type was 
taken to NBS for laboratory determination of moduli 
of rupture and elasticity, and the others were shipped 
to brass-melting foundries for tests of service life. 

Six foundries cooperated in service-testing the 
crucibles. The selection of foundries was limited to 
those melting brass and having enough furnaces in 
operation to insure rapid progress of the tests. Each 


foundry received crucibles of sizes and types—carbon( 4). 


bonded or clay-bonded crucibles—to which it was ac- 
‘customed. Sizes ranged from No. 50 to No. 150 
(melting capacities from approximately 180 to 470 
pounds of brass). Every effort was made not to up- 
set the routine melting practices of the foundries. 
Fuels used for heating the furnaces were coke, gas, 
and oil. Records of each heat and other pertinent 
information were kept on log sheets supplied by NBS. 

Service life of the crucibles made from the Alabama 
and Pennsylvania graphites averaged fully as good as 
that of crucibles made from Madagascar graphite. 
Carbon-bonded crucibles in general gave about twice 
as many heats as did clay-bonded crucibles. The num- 
ber of heats before failure of carbon-bonded crucibles 
averaged 81.3, 107.7, and 76.0 for the Alabama, 
Pennsylvania, and Madagascar graphites, respectively; 
for the clay-bonded crucibles the corresponding figures 
were 40.6, 36.7, and 37.6. Use of graphite flakes 
smaller in size than those preferred by some manu- 
facturers of carbon-bonded crucibles apparently did 
not impair service life. 

For further technical details, see Foundry crucible 


service life, by R. A. Heindl, American Foundrymon 
22, 40 (Sept. 1952). 


Polymerization Promoters for 


AN-5 Casting Resin 


(ee investigation of polymerization sys- 
tems for use with the recently-announced NBS 
AN-5 casting resin (NBS Tech. News Bull. 36, 129, 
Sept. 1952) now indicates that cumene hydroperoxide 
is a more generally desirable catalyst than the pre- 
viously-reported combination of “Pro-A’”’* and benzoyl 
peroxide. Although curing time is somewhat longer— 
about 1 day at 50°C—cumene hydroperoxide has the 
advantages of giving a more complete cure and of hav- 
ing no tendency to cause corrosion. From 0.1 to 0.6 
eram of the cumene hydroperoxide catalyst is added to 
each 100 grams of the liquid casting resin just betore¢@) 
it is to be used; the optimum proportion depends on 

the size of the casting. 


*“Pro-A,” subject to private patent rights, is a 10-per- 
cent solution of N—-S—-hydroxyethyl-l, 2, 3, 4tetrahydro- 
quinoline in hydrogenated terpheny]l. 


Mechanical Packing of Dental Amalgam 


N RECENT YEARS, several different types of me- 

chanical appliances for packing dental amalgam into 
a tooth cavity have become available to the practicing 
dentist. Although mechanical packing has been thought 
by some to give better restorations than hand packing, 
numerical data upon which an objective comparison of 
the two techniques could be based have been lacking. 
To provide the necessary background information, the 
NBS dental research laboratory recently made a com- 

Jyrehensive study of the effects of different methods of 

“condensation, or packing, on the compressive strength, 
dimensional changes, mercury content, and microstruc- 
ture of dental amalgam. The work was done as part 
of the program of dental research which the Bureau is 
conducting in cooperation with the American Dental 
Association and the dental services of the Army, the Air 
Force, the Navy, and the Veterans’ Administration. 

Because of the excellent properties of a skillfully 
made amalgam restoration and the relatively simple 
technique with which it is applied, dental amalgam is 
today the most widely used of all materials for re- 
storing teeth. The amalgam is prepared for insertion 
in the tooth by mixing five parts of a powdered alloy 
of silver, tin, copper, and zinc with seven or eight parts 
of mercury. The plastic mass thus produced is sepa- 
rated into small segments, excess mercury is removed 
by squeezing the segments, and the segments are then 
packed into the cavity. As it hardens, the amalgam 
expands slightly and thus locks itself tightly in place. 

One of the most critical steps in this process is the 
condensation of the amalgam in the tooth. Variations 
in the packing techniques used by different individuals 
result in differences in the strength, setting expansion, 
mercury content, and homogeneity of the restoration. 
In an effort to reduce these variations, mechanical con- 
densers have been developed. They consist of vibrators 
activated either pneumatically by a small motor-driven 
compressor, or mechanically by the motor-driven hand- 
piece used in drilling tooth structures. 

In the NBS investigation the results obtained with 
three different types of mechanical condensers were 
compared with those obtained with hand-packing tech- 
niques. ‘T'wo of the condensers were driven mechani- 
cally by the handpiece while the third was pneu- 
matically activated. 

Specimens for test were formed by condensing the 
amalgam in steel molds. The specimens used to meas- 
ure dimensional changes were in the form of cylinders 
with one conical end and had a diameter of 5 mm and 
an over-all length of 10mm. The dimensional change 
on setting was determined in an interferometer at 

mouth temperature on specimens placed in position 
“jis soon as they were ejected from the mold. After 
removal of the conical ends of these specimens, the 
cylindrical portions were used for compressive tests. 
Additional compressive-strength specimens were stored 
at mouth temperature (37°C) imnrediately after re- 
moval from the mold until a few minutes before the 
compressive tests, which were performed at room 


temperature. The load was applied at a rate of ap- 
proximately 21,000 lb/in? per minute. After the com- 
pressive tests, the largest fragments of the broken 
specimens were embedded in a self-curing resin, pol- 
ished, aud etched; and photomicrographs were made. 
Each specimen was also analyzed for mercury content. 

The results of the investigation show that the two 
mechanically activated condensers produce amalgam 
that increases more rapidly in compressive strength 
during the first few hours after mixing and attains 
a final compressive strength approximately 15 percent 
higher than amalgam condensed by careful use of hand 
instruments. However, the amalgam specimens made 
with these condensers exhibited either a very low ex- 
pansion, or in some cases a contraction. Whether or 
not this reduction in setting expansion results in less 
satisfactory restorations can be determined only by a 
large number of clinical tests. In the case of the 
specimens produced by the pnuematically activated 
condenser, the strength was slightly greater and the 
setting expansion was slightly less than in the case 
of specimens condensed by hand instruments. Neither 
the mercury content nor the microstructure of the 
amalgams produced by use of the three types of me- 
chanicai condensers differed significantly from those 
of amalgams produced by hand condensation. 


Microscopic study of dental amalgam specimens in the 


NBS dental research laboratory. After each amalgam 
specimen, embedded in a plastic disk, has been brought 
into focus under the microscope (left), the instrument 
is moved to the right on a track until the specimen is in 
position under the camera for photomicrography. 
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Left: Antisubmarine searchlight on the wing of a naval aircraft. 
Right: The automatic focusing device developed for naval aircraft searchlights improves their reliability as well as 
their simplicity. In antisubmarine warfare operations, a pilot must visually confirm the identity of a radar-de- 
tected submarine by use of his airborne searchlight. 


(Navy Bureau of Aeronautics photograph.) 


Focusing of Naval Aircraft Searchlights 


N AUTOMATIC focusing device, developed by 
D. A. Walsh, W. F. Mullis, and T. H. Projector 
of the NBS photometry laboratory, incorporates novel 
features greatly improving the simplicity and reliabil- 
ity of Naval aircraft searchlights. This work is part 
of an intensive NBS development program sponsored 
by the Navy Bureau of Aeronautics to improve all types 
of lighting equipment used on Naval aircraft. A mod- 
ification including the new device, as well as other im- 
provements growing out of this program, will soon be 
made in the production of searchlight equipment. 

The carbon arc lamp has been used almost exclu- 
sively in high-intensity searchlights because of its ex- 
tremely high luminance (photometric brightness). 
Since the carbons used in such lamps are consumed 
at an appreciable rate, it has been necessary to de- 
velop elaborate mechanisms to insure stable opera- 
tion. Generally speaking, such mechanisms must 
provide for striking the arc when the lamp is turned 
on, maintaining an arc of correct length (or current), 
and maintaining the tip of the positive carbon (the ef- 
fective light source) at the focal point. 

In general, three basic methods have been used to 
position the tip of the positive carbon at the focal 
point of the mirror or lens. In the first, the feed rate 
of the mechanism driving the positive carbon is ad- 
justed so that it equals the burning rate of the carbon, 
thus keeping the tip stationary. This is satisfactory 
where an operator is available to make such an adjust- 
ment and to correct it as required by slight differences 
between carbons or in different parts of the same car- 
bon or by slightly changed operating conditions. In 
most military applications, and especially where the 
light is mounted at the end of an airplane wing, this 
is impractical and a fully automatic light is essential. 
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In the second method of focus controi, an image 
of the positive carbon tip is projected by a small lens 
or mirror onto a suitable sensing element such as a 
bimetallic strip or a photoelectric cell. The optical 
system is such that, as the positive carbon burns, the 
image traverses the sensing element. By proper dispo- 
sition of the sensing element and its associated circuits, 
the feed of the carbon thus can be adjusted to restore 
the carbon to its correct position. Such devices are 
extensively used—one of this type is used on the present 
antisubmarine warfare (ASW) searchlight—but they 
suffer from several defects as far as the ASW search- 
light is concerned. If a heat-sensing element such as 
a bimetal is used, there is usually considerable thermal 
inertia, leading to troublesome operation when the 
equipment is to be used for only short periods. In 
antisubmarine warfare, the searchlight is used for a 
maximum of % minute in any one operation and runs 
may be much shorter. In any event, the optical sys- 
tem and the sensing elements must be carefully adjusted 
and kept in adjustment. 

The third method of focus control, known as probe 
control, is based on a device which senses the position 
of the positive tail flame of the arc. The tail flame is 
fairly well defined, particularly in the region close to 
the carbon, and is fixed in position with respect to the 
tip of the positive carbon. It is also highly ionized and 
has fairly steep voltage gradients at its boundaries. 


Thus the position of the tail flame, and consequently/ g) 
of the tip of the carbon, may be sensed readily by a* 


“probe” of a suitable conductive material placed near 
an edge of the tail flame. Ample energy is available 
to operate a conventional relay of moderate sensitivity. 
As used in the past, probes for this purpose have gen- 
erally been rods of highly refractory conductive mate- 


rial such as tungsten or carbon. While excellent focus 
control was attained, it was found that all of the ma- 
terials used tended eventually to melt, evaporate, or 
burn away. It was thus necessary to replace the probes 
periodically and to check the adjustment frequently. 

In the NBS modification of the ASW searchlight a 
probe control is used in place of a thermostat-optical 
system, but it is designed in such a way as to avoid any 
tendency to deteriorate from the heat of the adjacent 
arc and to eliminate any need for maintenance or ad- 
justment. Instead of refractory materials, copper of 
the highest practicable thermal conductivity is used for 

the probe. The design aim was to conduct the heat 
Ynway as rapidly as possible, rather than to attempt to 
find a probe material that could withstand the high 
temperatures. In addition to being made of highly 
conductive materials, the probe is designed with con- 
siderable bulk, which permits heat flow in three dimen- 
sions. Conventional probes of refractory rods of low 
thermal conductivity do not allow the heat to flow away 
from the tip rapidly; therefore, extremely high tem- 
peratures are reached. 

The final form of the NBS “probe” is that of a thick 
disk electrically insulated from the remainder of the 
positive carbon-drive mechanism. The positive carbon 
feeds through a hole in the center of the disk. The 
upper edge of a recess, milled out of the front edge 
of the disk, serves as the effective “probe” tip. Finally, 


the massive probe acts as an obturator, or barrier, for 
shielding the positive-drive mechanism from the radiant 
heat of the arc. 

The NBS obturator-probe has a number of ad- 
vantages over the thermostat-optical system it replaces. 
It has practically no thermal inertia and functions 
satisfactorily for the brief periods required of anti- 
submarine searchlights. Since it is permanently and 
rigidly attached to the positive head mechanism, there 
are no adjustments to make and no danger of disturb- 
ing any adjustment. It is not easily damaged or ren- 
dered inoperative by mechanical shock, vibration, dirt, 
corrosion, or other environmental conditions that may 
interfere with the operation of thermostat-optical or 
photoelectric-optical systems. Since the obturator- 
probe completely surrounds the positive carbon, its 
operation is very reliable, even when the arc itself 
for any reason becomes unstable. Arc instability may 
result, for example, from defects in carbons or from 
chipping at the positive carbon tip during striking; 
such instability interferes with the accuracy of the 
focus control of any system and in the case of optical 
systems may result in complete loss of control and 
damage to the arc mechanism. With the obturator- 
probe, however, control remains effective throughout 
any unstable period although there may be some re- 
duction in accuracy. As soon as stability is restored, 
the control functions as accurately as before. 


Left: Photograph of carbon arc lamp in operation, showing developmental model of obturator-probe for focus con- 
trol of naval aircraft searchlights. Note positive tail flame leaving tip of positive carbon at left (through center 
hole in disk, shown in inset) and proceeding vertically upward. Tip of negative carbon is visible at lower right. 
The ‘‘douser,”’ a finned copper cylinder which conceals afterglow of carbons to minimize danger of enemy attack 
after searchlight action, is retracted toward negative head when arc is struck. The douser here appears in retracted 


position. Right: Arc mechanism of antisubmarine aircraft searchlight. Tips of both carbons are covered by 
douser. Inset: Thick copper disk which constitutes main component of device. Upper edge of recess, milled out 


of front edge, serves as probe tip. 


The reactions of new types of indicators with acids 
and bases in organic solvents are studied at the Na- 
tional Bureau of Standards by means of spectral 
absorption data. Minute quantities of organic dyes 
are weighed out on a microbalance and added to 
carefully measured quantities of an organic liquid. 
The solutions are then mixed in varying proportions 
with an organic acid or base (above) and placed in 
the absorption cell of a spectrophotometer (right). 


(ay about 30 years ago knowledge of acids and 
bases was restricted almost entirely to their be- 
havior in aqueous solutions. Since that time, however, 
the rapid growth of the chemical industry has brought 
into common use a great variety of organic liquids that 
were previously unknown or existed only as laboratory 
specimens. Among these are new lubricants, trans- 
former oils, motor fuels, dry cleaning solvents, auto- 
motive antifreezes, refrigerants, and solvents used in 
the molding of plastic articles. In all these organic 
liquids—and especially in those which are hydrocarbons 
such as lubricating oils and dry cleaning solvents— 
acids and bases behave differently than they do in water. 
In some cases their effects are harmful; in others they 
are beneficial. It has thus become important to learn 
more about the behavior of acids and bases in organic 
solvents and to use this knowledge in developing meth- 
ods for detecting their presence and for measuring the 
amounts present. 

The National Bureau of Standards has a continuing 
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Acidity and Basici 


program for the systematic investigation of acidity and 
basicity in inert liquids. This program, which is under 
the direction of Dr. Marion Maclean Davis of the NBS 
Physical Chemistry Section, was initiated 11 years ago 
at the request of industry and the armed services and 
is now partially supported by the Office of Naval Re- 
search. It has included a study of various techniques 
for measuring total acidity or basicity as well as rela- 
tive acidic and basic strengths. New indicators have 
been developed to show the presence of acids and bases 
in hydrocarbons and other organic solvents by vivid\!? 
changes in color, and information of fundamental im- 


portance to modern theories of acidity and basicity has 
been obtained. Of particular interest is the finding 
that various types of organic bases, in contrast to their 
more uniform behavior in water, show marked differ- 
ences in their reactions with acids in an inert solvent. 
When acids and bases dissolve in hydrocarbon sol- 
vents, they do not interact to any significant extent with 
the solvent to form ions. Consequently, it is not pos- 
sible to judge the amount or the nature of a dissolved : 
acid or base in such terms as conductance or pH. How- | 
ever, a dissolved acid will react with any sufficiently : 
reactive base that is added; similarly, a dissolved base 
will react with any sufficiently reactive acid. Much can 
then be learned by studying the resulting change "(a 
the properties of the solution. A particularly conveni-N¥ | 
ent procedure is to choose an organic dye as the added 
base or acid; when this is done, the extent of reaction 
can be determined by observation of the shift in color 
as the dye is converted to a salt. 
In order for a dye to be a useful indicator of acidity 
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hin Organic Solvents 


or basicity in a hydrocarbon, it must of course be sufi- 
ciently soluble in the solvent, and its colors before and 
after its conversion to a salt must be in sharp contrast. 
The dye must also be reactive enough to undergo a dis- 
tinct change in color when only small amounts of acid 
or base are added, but it must not readily undergo side 
reactions such as alteration by light or reaction with 
atmospheric oxygen or moisture. A few of the com- 
mercially available dyes used as indicators in aqueous 
solutions meet these specifications in part and have 
proved useful in organic solvents, but groups intro- 
duced to make them water-soluble (the sulfonic acid 
group, for example) reduce their solubility in hydro- 
carbons and frequently lead to undesirable complica- 
tions in their behavior. It was thus necessary to de- 
velop a new series of indicators comparable to those 
already available for aqueous solutions but tailored to 
fit organic media. With this objective, the Bureau has 


been investigating dyes, including some already de- 
scribed in the literature, which might be expected to 
have desirable properties. 


One of these compounds, 


bromophthalein magenta E (tetrabromophenolphtha- 
lein ethyl ester), has been found well suited to use as 
an organic indicator, and its reactions with different 
classes of organic bases in benzene and other organic 
solvents have been intensively studied. 

The formula and structure for bromophthalein ma- 
genta E are illustrated on the following page. 

It has been known for over 50 years, having been 
synthesized by German investigators during a period 
when the structures of phenolphthalein and related 


169 


compounds were the subject of considerable investiga- 
tion. However, its potential use as an acidic indicator 
in hydrocarbons was unknown before the NBS studies. 
As the compound was not commercially available, it 
had to be prepared in the laboratory. In the course of 
the work, detailed procedures for its synthesis were 
worked out. 

Bromophthalein magenta E is much more soluble in 
hydrocarbons than bromophenol blue (the sulfone- 
phthalein analogue which differs from bromophthalein 
magenta E in having a sulfonic acid group in the 
position occupied by the carbethoxy group), and it 
has the additional advantage of not being sensitive 
to atmospheric moisture. Bromophthalein magenta 
B (the n-butyl ester of tetrabromophenolphthalein) , 
which had not previously been prepared, was also 
synthesized at the Bureau. As expected, this com- 
pound was found somewhat more soluble in hydro- 
carbons than bromophthalein magenta E but in most 
other respects very similar to it in behavior. 

Bromophthalein magenta E gives a yellow solution 
in benzene or other hydrocarbon solvents. When a 
minute amount of an aliphatic amine or other organic 
base of comparable reactivity is added to such a solu- 


The wavelengths absorbed by the solutions containing 
various proportions of indicator mixed with acid or 
base are read from the spectrophotometer (left), and 
from these data spectral absorption curves are 
plotted and used in analyzing the reactions involved. 
Water from the constant-temperature bath is circu- 
lated through the absorption cell chamber to main- 
tain the solutions under study at constant tempera- 
ture. In addition to studying indicators, the Bureau 
is investigating instrumental methods of measuring 
acidity and basicity in organic solvents. The effect 


of an acid (being added through the burette) on an 
organic indicator is being compared (below) with 
the change in the electromotive force of the solution. 


tion, an instantaneous color change occurs, but the 
color produced has been found to vary with the nature 
of the added base. For example, when diethylamine 
is added, the color of the secondary ammonium salt 
produced is “‘cornflower blue”; but if triethylamine is 
added, the solution becomes magenta. NBS studies 
involving use of a large number of bases of diverse 
types revealed a characteristic pattern of behavior. 
Thus, the cornflower blue color produced by adding 
diethylamine is also obtained by adding other second- 
ary aliphatic amines, while the magenta color is char- 
acteristic of tertiary amines. With primary amines 
the color becomes purple red, and a solution of a 
tetraalkylammonium salt of the indicator is blue (a 
“deeper” blue than that produced by secondary 
amines) . 

The effects of alcohol on these color reactions are 
interesting. When a very small quantity of alcohol is 
added to a hydrocarbon solution of a primary or sec- 
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Molecular model of bromophthalein magenta E, showing 
the reactive hydrogen (marked “H”) responsible for the 
color changes which make this compound of value as 
an indicator in organic solvents (left). Structural for- 
mula (below). 
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ondary emmonium salt of the indicator, the color shifts 
to magenta. However, if the addition of alcohol is 
continued, the color shifts back toward blue; and 
finally, after a relatively large volume of alcohol has 
been added, it becomes the same blue as a hydrocarbon 
solution of a tetraalkylammonium salt of the indicator. 
A small amount of alcohol does not affect the magenta 
color obtained by mixing the indicator with tertiary 
amines in organic solvents, but a large volume of 
alcohol changes the color to blue. Thus, alcohol ap- 
pears to have a “leveling” effect, so that the same blue 
color results, whatever the base added to the indicator. 
Various other solvents—for example, acetone and 
acetonitrile—produce qualitatively the same effect as 
alcohol. 

In practice, the colors exhibited by solutions of bases 
in bromophthalein magenta E are not limited to those 
described above. Thus, if an excess of the indicator 
is added to a tertiary amine in a hydrocarbon solvent, 
the magenta of the tertiary ammonium salt that is pro- 
duced blends with the yellow of the unchanged portion 
of the indicator to give some tone of orange or red. 
Likewise, if unchanged indicator is mixed with the sec- 
ondary ammonium salt (cornflower blue) produced by 
a secondary amine, a green tone will result. Practi- 
cally any color in the visible spectrum can be obtained 
by variation of the composition of the solvent and the 
character of the added base. However, all these color 
phenomena can be quite simply explained by applica- 
tion of the concept of hydrogen bonding. The appli- 
cation of similar reasoning to other acid-base reactions 
throws new light on the processes involved in the ioni- 
zation of amines and hydrogen acids in water and re- 
lated solvents and also on the functioning of acidic and 
basic catalysts. 


Spectral absorption curves showing the shift from yellow 
to magenta when increasing quantities of an organic base 
(di-o-tolylguanidine) are added to the indicator bromo- 
phthalein magenta FE. A: bromophthalein magenta E 
(2.5 X 10-° mole per liter in benzene) without added base. 
Curves 1 to 3: approximately 7.310", 1.45X10° and 
2.18 x 10-° mole per liter of base present, respectively. 
S, (limiting curve): approximately 6.25 < 10-4 mole per 
liter of base present. Series of absorption curves, such 
as these, are used at NBS in studying the reactions of 
indicators in organic liquids. 
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The Bureau has found that differentiating reactions 
with different bases in inert solvents are not peculiar 
to bromophthalein magenta E but are characteristic of 
other acidic indicators as well, although the results 
are not usually so striking. Bromophenol blue re- 
sembles bromophthalein magenta E in that it shows 
differentiating reactions with different classes of or- 
ganic bases in such solvents, but its behavior is more 
complex because of its sulfonic acid group. 

Although acidic indicators clearly cannot be ap- 
plied in organic liquids in exactly the same way as in 
water to measure pH values, the NBS studies have 
shown their value as analytical tools in a variety of 
applications. To illustrate, a benzene solution of 
bromophthalein magenta E is useful in distinguishing 
between aromatic and aliphatic amines as well as be- 
tween many primary, secondary, and tertiary aliphatic 
amines. Indirectly it can be used to test for acidity. 
For example, a small amount of a tertiary amine turns 


the solution magenta; but an added acid will combine 
with part of the tertiary amine, and the color will revert 
toward yellow. Equally important is the application 
of the indicator to quantitative measurement of the 
relative strengths of bases in hydrocarbons; such 
measurements have shown that use of the aqueous ioni- 
zation constants of bases may lead to false estimates of 
the reactivity of the bases in hydrocarbons. Other 
uses include a simple test to determine whether a solid 
is the salt of an organic base (such as an alkaloid, an 
aliphatic amine, or a derivative of formamidine or 
guanidine), detection of bases in chromatography, and 
location of the endpoint in certain nonaqueous ti- 
trations. 

Investigations of acidity and basicity in organic sol- 
vents are continuing at NBS. In addition to working 
with acid indicators, the Bureau is now engaged in 
studies of the reactions of basic indicators with acids in 
these solvents. 


For further technical details, see Comparative strengths of four organic bases in benzene, by Marion Maclean Davis and 
Hannah B. Hetzer, J. Research NBS 48, 381 (1952) RP2326; Acid-base reactions in benzene and other organic solvents: 
Behavior of bromophthalein magenta with different classes of organic bases, by Marion Maclean Davis and Priscilla J. 
Schuhmann, J. Research NBS 39, 221 (1947) RP1825; Acid-base reactions in organic solvents: Behavior of some halogenated 
derivatives of phenolsulfonephthalein with different classes of organic bases in benzene, by Marion Maclean Davis, Priscilla 
J. Schuhmann, and Mary Ellen Lovelace, J. Research NBS 41, 27 (1948) RP1900; Acid-base equilibrium constants for the 
reaction of tribenzylamine with picric acid and with trinitro-m-cresol in benzene, from spectrophotometric data, by Marion 
Maclean Davis and E. Anne McDonald, J. Research NBS 42, 595 (1949) RP1997; Behavior of bromophthalein magenta E 
(tetrabromophenolphthalein ethyl ester) with organic bases and its bearing on the Brgénstead-Lowry and Lewis concepts of 
acidity, by Marion Maclean Davis and Hannah B. Hetzer, J. Research NBS 46, 496 (1951) RP2219; The dissociation constant 
of dimethylaniline hydrochloride in chloroform, by Marion Maclean Davis, J. Am. Chem. Soc. 71, 3544 (1949), 


Solubility of Carbon in Austenitic Stainless Steel 


USTENITIC stainless steels, characterized by a dis- 
tinctive crystal structure, are widely used because 
they combine superior resistance to corrosion with 
ease of working. Properties and applications of these 
steels are considerably affected by the amount and form 
of carbon they contain. Many experimental studies 
have been made of various properties of these steels; 
but little attention appears to have been given to de- 
termination of the limit of solubility of carbon in one 
of the most widely used forms of stainless steel, chro- 
mium-nickel austenite. 

Because of the importance of such knowledge, NBS 
recently made a study of the solubility of carbon in 
austenitic stainless steel containing 18 percent of 
chromium and 10 percent of nickel. These levels of 
chromium and nickel were chosen as representative of 
the widely-used AISI types 302 and 304 stainless steels, 
frequently termed “18-8” steels. Sponsored by the 
Navy Bureau of Aeronautics, the investigation was con- 
ducted by Samuel J. Rosenberg and Carolyn R. Irish 
of the NBS metallurgy laboratories. 

The Bureau investigators found that with a carbon 
content of 0.007 percent, the lowest content studied, 
solution was substantially complete between 1,300° 
and 1,400° F. Solubility appeared to increase ap- 
proximately linearly from about 1,400° to 1,975° F, 
the maximum temperature studied, where carbon solu- 
bility was approximately 0.08 percent. These values 
of solubility are appreciably lower than those previ- 


ously reported. The solubility curve developed at 
NBS indicates that type 304 ELC (extra low carbon) 
stainless steel can be effectively annealed at 1,700° F, 
but that ordinary type 304 stainless should be annealed 
at temperatures in excess of 1,900° F if the car- 
bon is to be fully dissolved. The NBS study also 
points up limitations on the effectiveness of attempts 
to eliminate intergranular embrittlement of austenitic 
18-percent-Cr—10-percent-Ni steel by reduction of car- 
bon content. 

The annealing of austenitic stainless steels is often 
governed by the desire to obtain a completely austenitic 
structure—that is, a structure in which all carbon is 
in solution in gamma iron. To attain this end, com- 
mercial practice utilizes quite high annealing tempera- 
tures, usually about 1,950° to 2,000°F. From another 
standpoint, however, such high annealing temperatures 
are undesirable; annealing at lower temperatures re- 
sults in smaller grain size, which is thought to reduce 
susceptibility to intergranular embrittlement. Since 
the temperature at which all carbon is in solution in- 
creases with carbon content, it seems to follow that low- 
carbon steels may be annealed at lower temperatures 
than the higher-carbon varieties. In the absence of 
definite knowledge of the carbon solubility, however, 
it has been necessary to keep annealing temperatures 
quite high in order to assure an austenitic structure. 
For these reasons the results of the NBS study have con- 
siderable practical as well as theoretical interest. 
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The specimens investigated at NBS were high-purity 
iron-nickel-chromium alloys containing various addi- 
tions of carbon ranging from 0.007 to 0.30 percent. 
All alloys were melted and solidified in vacuum. In- 
gots thus formed (weighing about 2 pounds each) were 
hot-forged to about 0.6-inch diameter, annealed at 
1,975°F, and cleaned by grinding to about 0.5-inch 
diameter. Half of each rod was then cold drawn. 
All of the resulting specimens, both as annealed and as 
cold drawn, were next held at 800°F for 6 weeks to 
precipitate carbon in excess of the solubility at that 
temperature. Finally, samples were held at various 
higher temperatures to effect re-solution of the pre- 
cipitated carbides up to the limit of solid solubility. 
(The excess carbon not in solid solution was present as 
chromium carbide (Cr23C,).) 

Of the several methods for determining the limit 
of carbon solubility tried, only metallographic examina- 
tion proved feasible. This was complicated by the 
presence of ferrite and sigma in many of the samples. 
It was noted that sigma was a stable phase in the 
lower-carbon alloys, particularly in the temperature 
range of about 1,000° to 1,300°F. 

The use of type 304 ELC steels in industry is based 
on the premise that the low carbon content (0.03 per- 
cent maximum) will give some protection against inter- 
eranular embrittlement. Such embrittlement results 
when austenitic stainless steels are subjected to tem- 
peratures in the range of about 800° to 1,400°F and 
are either simultaneously or subsequently exposed to the 
action of certain corrodents. Intergranular embrittle- 
ment has been ascribed to the precipitation of chro- 
mium carbide at the grain boundaries of the austenite, 
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NBS metallurgist placing specimen rod 
furnace. 


and it has been proposed that the phenomenon might 
be completely inhibited by reduction of the carbon 
content to less than the limit of solubility at tempera- 
tures to which the steel will be subjected. Although 
these extra-low-carbon steels are less susceptible to in- 
tergranular embrittlement than the higher carbon va- 
rieties, the NBS study indicates that it is impracticable, 
if not impossible, to produce steels with carbon con- 
tents sufficiently low to insure freedom from carbide 
precipitation under all conditions of service. 


For further technical details, see Solubility of carbon in 
18-percent-chromium-10-percent-nickel austenite, by Sam- 
uel J. Rosenberg and Carolyn R. Irish, J. Research NBS 
48, 40 (Jan. 1952) RP2281. 


Constant-Amplitude Oscillator 


CONSTANT-AMPLITUDE oscillator, developed 

by N. C. Hekimian of the National Bureau of 
Standards, provides an r-f voltage that remains reason- 
ably stable regardless of changes in tube parameters, 
supply voltage, heater voltage, or load impedance. The 
device consists essentially of a conventional oscillator 
with a diode connected across its output terminals. Out- 
put stability is provided by a biased control clamper 
tube sharing the same plate-dropping resistor with the 
oscillator. 

In electronic equipment such as exciters, signal gen- 
erators, and high-quality communication receivers, the 
adjustable-frequency oscillators should be stabilized 
against changes arising from possible variations in cir- 
cuit components. Automatic volume control systems, 
modified to provide the stabilization, have proved in- 
effective for class-C oscillators because of the self- 
biasing feature associated with this class of operation. 
Fixed-level clipper circuits have also been utilized; but 
the output waveform normally contains strong, un- 
desirable harmonic components. 

The NBS constant-amplitude oscillator does not suf- 
fer from these difficulties to any appreciable degree. 
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The circuit is designed to maintain the apparent grid- 
plate gain of the oscillator reasonably steady. The 
input and output capacitances are held practically con- 
stant, and the clipping of the output waveform is re- 
duced to very low levels. The moderate amount of 
clipping that does occur is due only to the diode detector 
across the oscillator output. 

The oscillator developed by NBS was originally 
designed as a fixed-frequency local oscillator in a 
gain-stable receiver. It utilizes both sides of a 12ZAT7 
twin-triode as the oscillator and clamper tube, respec- 
tively, and a 6AL5 diode detector. The grid tank cir- 
cuit is composed of a fifth overtone crystal (30 Mc), 
a frequency-shifting trimmer, and a crystal-peaking 
coil. A coil in the plate circuit of the oscillator section 
of the 12AT7 is designed to resonate at the crystal 
frequency. 

The clamper tube is initially biased in the region 
of plate cut-off. The oscillator output—after recti- 
fication by the diode—is applied as a positive voltage 
to the grid of the control tube—the other half of the 
12AT7. When the oscillator output voltage reaches a 
sufficiently high level, the clamper begins to draw 
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plate current and causes a reduction of plate voltage. 
Because the oscillator is connected to the same plate- 
dropping resistor, it too, suffers a reduction of plate 
supply. Thus, as the oscillator output voltage in- 
creases, the clamper tends to maintain the final output 
voltage at a relatively fixed level. 

The bias for the clamper tube is usually obtained 
from a low impedance source of constant potential. 
In the test model of the NBS constant-amplitude oscil- 
lator, the bias voltage was obtained from batteries with 
internal resistances of about 5 ohms. Normally the 
bias voltage is adjusted so that the control tube is always 
slightly conductive at the minimum level of oscillator 
voltage anticipated. Hence, positive control action is 
available at all times. Under these conditions, the best 
regulating characteristics are obtained with the largest 
plate-dropping resistor that still permits the desired 
plate voltages. A plate-dropping resistance of 40,000 
ohms was found to give satisfactory operating condi- 
tions for the NBS stabilized oscillator, 

An experimental investigation of the effect of differ- 
ent plate-loading resistances on the oscillator output 
voltage shows that a resistance of 10,000 ohms permits 
a 12-volt variation for a change in plate supply from 
200 to 350 volts. <A plate-load resistance of 40,000 
ohms, however, restricts the output variation to 1.5 
volts with the same change in plate supply. In both 
of these instances the bias supply voltage was held at 
18 volts. 

A graph of output voltage versus supply voltage for 
several values of bias illustrates the effect of the 
clamper bias voltage upon the performance of the cir- 
cuit. A bias of 25 volts will permit the output to vary 
between 12 and 17 volts for a change in supply from 


Right: Characteristic curves of the constant-amplitude 
oscillator for different values of clamper bias. A plate- 
dropping resistor (Rs) of 40,000 ohms and a clamper 
tube bias (E,.) of 18 volts will permit the output voltage 
to vary only | volt for a change of from 200 to 350 volts 
in plate supply. 


Below: Circuit diagram of the NBS constant-amplitude 
oscillator. This oscillator is a source of r-f voltage that 


remains reasonably constant irrespective of changes in 
tube parameters, supply voltage, heater voltage, or load 
impedance. 
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200 to 350 volts, while a bias voltage of 18 volts will 
result in a change of only 1 volt in the output for the 
same change in supply. In both of these instances the 
plate-loading resistance was 40,000 ohms. 

The determination of the constancy of amplitude 
versus supply voltage reflects to some extent the in- 
creased stabilization against tube parameter changes. 
A graphical determination of operating characteristics 
will certainly assist in determination of the best values 
for the parameters to help make the circuit perform 
the function for which it was designed. In most cases, 
however, it may be advisable to determine circuit 
values roughly and then adjust the actual oscillator 
for optimum operation. In practice the output volt- 
age is determined largely by the bias voltage with the 
plate-loading resistor adjusted for satisfactory regula- 
tion. Care should be taken to allow for sufficient dis- 
sipation in this resistor—a power-type is generally 
necessary. 

Improved clamping may be obtained by use of a 
voltage-multiplier type of rectifier to drive the clamper 
tube. Thus a greater ratio of d-c control bias to r-f 
output is obtained and results in better regulation. 
Also, if a power amplifier replaces the clamper portion 
of the 12AT7, its greater plate-current capabilities will 
result in more positive control action. Further, if the 
clipper diode is fed from the final output of the oscil- 
lator-buffer circuits with more gain included between 
the oscillator and the rectifier-control circuit, the sensi- 
tivity to small changes in output is increased and im- 
proved stability results. 

For further technical details, see Constant-amplitude 


oscillator, by Norris C. Hekimian, Electronics 24, No. 7, 
164 (July 1951). 
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Properties of 
Klectrodeposited Nickel 


Electron micrograph showing the crystal structure in 
electrodeposited nickel from a Watts-type plating bath. 
This micrograph was obtained at NBS by transmission of 
an electron beam through nickel deposited as a film one- 
millionth of an inch thick. Magnification: 23,000. 


A MUCH CLEARER picture of the effect of plating 
variables on the structure and properties of elec- 
trodeposited nickel has resulted from a comprehensive 
laboratory investigation conducted over the past five 
years by Victor Zentner, Abner Brenner, and Charles 
Jennings of the NBS electrodeposition laboratory. In 
the course of the study, sponsored by the American 
Electroplaters’ Society, cathode current efficiencies and 
the internal stress of the deposits were determined for 
a great number of different bath compositions and 
operating conditions, the chemical composition and 
microstructure of the deposits were investigated, and 
their thermal and mechanical properties were measured. 
The results show that hardness, tensile strength, and 
other properties of nickel deposits can be varied over 
a wide range by proper choice of plating bath. More- 
over, it has been possible to explain this broad varia- 
tion in properties on the basis of the physical nature 
of codeposited impurities present in small amounts. 

Industrial use of nickel plating includes a variety 
of applications. In general, the thinner coatings are 
used for ornamental purposes or for protection against 
corrosion while the heavier deposits are applied to 
machine parts where resistance to wear is an important 
factor and are used in electroforming. Although quite 
different properties are required in different applica- 
tions, until now little information has been available 
regarding the relationship between the conditions under 
which the plating is done and the resulting deposit. 
The NBS investigation provides a large amount of 
basic data which can now be utilized for the consistent 
production of deposits having desired properties. 
While major emphasis was placed on those mechanical 
properties of the deposits which are of immediate value 
in engineering applications, data were also collected on 
electrical and other properties which may be of value 
in the determination of the suitability of nickel deposits 
for special applications. 

In the NBS study, about 240 different deposits were 
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produced from 20 different types of baths operated 
over a wide range of temperature, current density, and 
pH. The test specimens were obtained by depositing 
nickel on sheet or tubular cathodes to a thickness of 
about 0.01 inch. During the plating process, current 
efficiencies and internal stress of the deposits were 
measured. After being separated from the cathodes, 
the specimens were analyzed chemically, and their 
structures were studied by optical microscopy, electron 
microscopy, and X-ray diffraction. They were also 
tested for hardness, tensile strength, elongation, yield 
strength, Young’s modulus of elasticity, fatigue limit, 
internal friction, thermal expansion, specific heat, heat 
of solution, electrical resistivity, and magnetic prop- 
erties. The effects of heat treatment on many of these 
properties were studied. 

It was found that the most important factor affecting 
the properties of the deposits is the type of plating 
solution, that is, the nature of the anion and the pres- 
ence of special additives. Although deposits produced 
at lower temperatures were usually finer-grained than 
those obtained at high temperatures, the effects of 
variations in operating conditions, such as temperature 
and current density, are in general relatively small, 
provided the conditions are within the satisfactory 
operating range for the solution used. 

On the basis of the physical and mechanical prop- 
erties of the deposits, nickel plating baths may be clas- 
sified in three main groups: bright-nickel baths, con- 
taining organic brighteners; high-chloride baths, con- 
taining more than 50 percent of the nickel present as 
chloride; and Watts-type baths, which contain the nickel 
in the form of both sulfate and chloride in the ratio of 
3:1. In general, the bright-nickel and the Watts-nickel 
deposits show the extremes in properties while the 
properties of the high-chloride nickel are intermediate 
between the two. The bright-nickel baths yield bright 
deposits having the greatest hardness, tensile strength, 
resistivity, and coercive force of all types of nickel 
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deposits; but they also have the lowest ductility, elon- 
gation, and magnetic permeability. The high-chloride 
baths, on the other hand, produce dull deposits which 
are somewhat below bright-nickel in hardness and ten- 
sile strength but have a higher ductility. From the 
Watts-type baths are obtained dull grey deposits. These 
are the purest of the three types; they possess the lowest 
stress, hardness, tensile strength, resistivity, and coer- 
cive force and at the same time the highest ductility, 
elongation, and magnetic permeability. 

The concentration of nickel in the plating solutions 
affected the properties of the deposits only slightly. 
However, the effect of the chloride content of the bath 
on the hardness of the deposit was rather striking. 
When a bath containing one-fourth of the nickel in the 
form of chloride and the rest as sulfate was used, a 
pronounced minimum in hardness of the deposit was 
observed. As yet no explanation for this effect has been 
developed. 

In its influence on the mechanical properties of the 
deposits, the pH of the plating solution was second in 
importance only to the nature of the bath constituents. 
In the pH measurements, it was found that when the 
pH of the bath goes above 5, the tensile strength of the 
deposit rapidly rises and the ductility decreases. If 
the pH of the solution is made high enough, there is a 
marked increase in hardness and tensile strength and a 
decrease in elongation. However, such a great increase 
in stress accompanies these extreme properties that the 
deposits are likely to crack spontaneously or exfoliate. 

The microstructure of the deposits was rather closely 
correlated with their observed properties. Thus, in 
micrographs of nickel deposits from baths of varying 
chloride content, the most coarse-grained deposit had 
the lowest hardness. In general, deposits with coarse- 
erained structures contained relatively small amounts 
of impurities and were soft, ductile, and low in tensile 
strength. On the other hand, deposits with either fine- 
erained structures or no visible grain structures con- 
tained a relatively large amount of impurities and were 
strong and hard but not very ductile. 

Heat treatment was found to have a much more pro- 
nounced effect on the mechanical properties of bright 
nickel than on those of Watts nickel. Thus, after heat 
treatment at 400°C, the tensile strength of bright nickel 
fell from about 200,000 |b/in? to about 20,000 Ib/in?. 
By contrast, the tensile strength of Watts nickel de- 
creased by only 15,000 Ib/in? from an initial value of 
75,000 lb/in?. A comparison of the microstructures 
of the two types of deposits shows large clean grains 
in the Watts nickel while the bright nickel deposits have 
dark areas which may indicate either inclusions or 
voids. 

On the basis of the data obtained in the investigation, 
it appears that the widely varying properties shown 
by electrodeposited nickel are determined primarily by 
the chemical and physical nature of codeposited im- 
purities—usually small quantities of oxygen, hydro- 
gen, carbon, or other elements present in small frac- 
tions of a percent. This is shown not only by the par- 
allel trend in the variation of many of the properties, 


indicating a common basic cause, but also in the cor- 
relations found between properties and crystal or 
microstructure and in the pronounced dependence of 
the properties on bath composition. Because large 
changes in the deposits result from the presence of cer- 
tain types of ions or minute amounts of special addi- 
tions to the plating bath, it is reasonable to assume 
that the distinctive character of the deposits is caused 
by the codeposition of various kinds of foreign matter 
which may vary in quantity as well as in effectiveness. 
The codeposited material may sometimes influence the 
properties of the deposit directly; in other cases, it may 
result in a fine-grained structure, perhaps with lattice 
distortion and internal stresses, which in turn affects the 
physical and mechanical properties of the deposits. 

In general, it would seem that substances present in 
the plating solution affect the properties of the electro- 
deposit only to the extent that they influence the codep- 
osition of foreign material. Thus, the great differ- 
ences in the properties of bright-nickel and Watts- 
nickel deposits can be ascribed to impurities in the 
bright nickel derived from the organic additives used 
to produce the brightening. In fact, the Bureau’s anal- 
ysis of the bright-nickel deposits showed that they con- 
tained carbon and sulfur inclusions totaling about 
0.1 percent, whereas the Watts-nickel deposits did not 
contain these impurities. On the other hand, some of 
the variations in the mechanical properties of the 
Watts-nickel deposits can be attributed to the presence 
of small amounts of oxide. For example, a good cor- 
relation was found to exist between the mechanical 
properties of Watts-nickel deposits and their oxygen 
content. 

It thus becomes apparent that those electrodeposited 
coatings that are of value in industry are not pure coat- 
ings but owe their valuable properties to the presence 
of small amounts of impurities. The smooth, thick 
electrodeposits used by the plating industry are actually 
exceptional inasmuch as the pure metals would be 
deposited as a mass of large crystals rather than a 
coherent layer. 

The mechanism by which foreign material is code- 
posited with nickel is a matter of speculation, but the 
NBS study indicates that it is probably an adsorption 
phenomenon rather than an electrochemical one, as has 
sometimes been postulated. The adsorption hypothesis 
is sufficiently versatile to explain the very specific ef- 
fects of certain additives and the influence of the anion 
of a plating solution on the nature of the deposit. 
Some substances, instead of being directly adsorbed, 
may so modify the pH of the cathode film that basic 
compounds are codeposited with the metal. Further 
research is needed on adsorption phenomena and the 
processes taking place in the cathode film during elec- 
trolysis. More precise methods of analysis will be re- 
quired for correlation of the content of foreign material 
with lattice distortion and crystal structure. 

For further technical details, see The effect of plating 
variables on the structure and properties of electrode- 


posited nickel, by Victor Zentner, A. Brenner, and C. W. 
Jennings, Plating 39, 865 (1952). 
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